Objective: To test the potential of wrist guards to prevent wrist injury in recreational activities that require good grip strength and hand dexterity. Methods: Forty eight children aged 5-8 years from one Melbourne school volunteered for tests chosen or devised following a review of the literature on the effects of orthoses use and hand function. Results: Wrist guard wearing significantly degraded grip strength, bicycle steering, and performance on a monkey bar. Micro scooter steering was not significantly affected by their use. Conclusion: Wrist guards designed for skating are not recommended for bicycle riding and playing on climbing apparatus, and their suitability for scooter riding requires further investigation.
Objective: To test the potential of wrist guards to prevent wrist injury in recreational activities that require good grip strength and hand dexterity. Methods: Forty eight children aged 5-8 years from one Melbourne school volunteered for tests chosen or devised following a review of the literature on the effects of orthoses use and hand function. Results: Wrist guard wearing significantly degraded grip strength, bicycle steering, and performance on a monkey bar. Micro scooter steering was not significantly affected by their use. Conclusion: Wrist guards designed for skating are not recommended for bicycle riding and playing on climbing apparatus, and their suitability for scooter riding requires further investigation. W rist guards are designed to protect the wrist against injury in a fall onto an outstretched hand. 1 Evidence supports their effectiveness in inline skating and snowboarding, [1] [2] [3] [4] although wearing rates in these sports are generally reported to be low. 1 5-8 Injury surveillance hospital data from Victoria, Australia indicate that wrist and distal forearm fractures in children are more frequent in bicycle riding and monkey bar play than in inline skating, an activity for which wrist guards are recommended (VISAR, unpublished data). In 2002/03, there were at least 196 forearm and wrist fractures related to inline skating treated in Victorian hospitals compared with 78 in micro scooter riding, 294 in bicycle riding, and over 600 in monkey bar play (VISAR, unpublished data). Research indicates that the trauma mechanism for wrist and distal forearm injuries (fall on an outstretched arm) is similar for all these activities. [9] [10] [11] Reaching out the hand to break a fall, to protect more vulnerable areas of the body, appears to be a reflexive action in humans. 12 13 Currently there is no evidence of the potential effectiveness of wrist guards in recreational activities that require grip and wrist dexterity.
A typical micro scooter has a narrow metal base with two small, low friction wheels and a handlebar mounted on a collapsible stem. A monkey bar, also known as a horizontal ladder or jungle gym, is a type of playground equipment that consists of two parallel horizontal bars supported at a height, and traversed by rungs.
MAIN OUTCOME MEASURES
The main outcome measures were differences in the performance with and without wrist guards in static tests that measured maximum grip strength and maximum torque exerted on bicycle and scooter handlebars, and in dynamic tests that measured the number of deviations from a marked figure 8 track by the micro scooter or bicycle when ridden, and the number of rungs traversed along a monkey bar before grip was lost.
The null hypothesis was that there is no statistical difference in results of hand function tests between wrist guard wearers and non-wearers.
METHODS
Forty eight children aged 5-8 years volunteered for the study with parental consent. Children were from one government school situated in a suburb of Melbourne. Exclusions included non-bike riders and children who had an existing or previous severe hand injury. Approval was obtained from the Monash University Human Research Ethics Committee and the Department of Education. Subjects were not blinded to the objectives of the study because the education department and ethics committee required full disclosure of the study objectives to parents and children. Outcome assessors were not blinded because it was not practicable. The order in which subjects participated in tests and performed a given test with or without wrist guards was randomised by coin flip in advance of the test day. Only one rater per test was used. An electronic sensing device aided the rater counting deviations from the figure 8 track.
Safety measures
Subjects wore helmets during the bicycle steering test. Elbow pads, kneepads, and helmets were worn during scooter steering tests. Appropriately sized bicycles were supplied and subjects could opt to use training wheels. A specially modified (three wheeled) micro scooter was supplied. A fall arrest harness was used during monkey bar tests.
Data collection
Data collected via parental questionnaire included age, school grade, sex, and handedness. Subjects' height, weight, and dominant hand length were recorded.
Subjects performed the series of tests with and without wrist guards. Each test was performed three times and the mean score recorded.
Description of tests
Tests were chosen or devised following a review of the literature on the effects of orthoses use and hand function. [14] [15] [16] [17] [18] [19] The hand dynamometer was reported to give an accurate measure of grip strength. [18] [19] [20] The handlebar torque test was developed in collaboration with the Department of Civil Engineering at Monash University. The track tests were developed taking cognizance of expert opinion that hand function tests should measure the dynamic quality of function and use tasks representative of everyday functional activity. 16 Grip strength test A Jamar hand dynamometer (Sammons Preston Inc, Bolingbrook, IL, USA) measured grip strength of the dominant hand in kilogram force (1 kgf = 9.8 newtons) with and without wrist guards.
Handlebar torque tests A scooter and a bicycle instrumented with strain-gauge sensors measured the maximum torque (in newton meters) Bold formatting indicates a statistically significant difference between the wearing and non-wearing of wrist guard conditions. *Based on negative rank indicates lower scores on tests with wrist guards; in the above two tests a lower score indicates performance degradation. Bold formatting indicates a statistically significant difference between the wearing and non-wearing of wrist guard conditions. *Based on negative rank indicates lower scores on tests with wrist guards and Àbased on positive rank indicates higher scores on tests with wrist guards; in the bicycle handlebar torque test a lower score indicates performance degradation, in the bicycle steering track test a lower score indicates improved performance.
exerted on the handlebars by subjects when they turned the handlebar to the left and to the right, with and without wrist guards.
Monkey bar test
Participants traversed a 3.7 m long, straight, horizontal monkey bar, which had 11 horizontal rungs of 3.8 cm diameter at 12.5 cm separation. The number of rungs the subject could traverse, with and without wrist guards, before losing grip was recorded.
Bicycle (scooter) track test
Subjects rode a bicycle (scooter) at moderate speed along a 38 m figure 8 shaped track marked on an asphalt surface with and without wrist guards. The track was 60 cm wide. The number of deviations from the track was recorded.
Statistical analysis
The study used a repeated measures design. Subjects acted as their own controls. SPSS version 11.5 statistical analysis software was used to analyze data (SPSS Inc, Chicago, IL, USA). Because data were not normally distributed, the Wilcoxon matched pairs signed ranks test was used to detect if the mean differences in the measures were significant.
RESULTS
The mean and standard deviation (SD) with and without wrist guards, the standardized mean differences in performance (z scores) with and without wrist guards, and Wilcoxon test significance values for each of the tests are summarized in tables 1-3.
In summary, for all subjects when wrist guards were worn:
N the maximum grip strength exerted by the dominant hand decreased significantly (z = 25.70, p,0.001) (table 1) N there were significant degradations in subjects' performance traversing the monkey bar (z = 25.65, p,0.001) (table 1) N there was significant degradation in bicycle steering performance in the bicycle track test (z = 22.47, p = 0.013), but no significant difference was apparent in the bicycle torque test (table 2) .
There was no significant difference in micro scooter steering performance when wrist guards were worn or not worn, as measured by both the static torque test and the figure 8 track (table 3) .
DISCUSSION
This is the first study to investigate the important question of whether wrist guards have the potential to protect against wrist injuries for recreational activities that require grip, without producing other unwanted effects. The adverse results of grip strength and monkey bar tests indicate that the wearing of wrist guards could potentially increase fall related injuries to non-protected body sites if adopted by children for play on monkey bars and other climbing apparatus.
Similarly wearing of wrist guards significantly increased the number of steering deviations off the test track when children rode the bicycle. This appeared to be related to subjects slowing down considerably when riding with wrist guards and losing their line of steering. This effect may have been related to loss of dexterity.
Wrist guards did not appear to adversely affect steering of the micro scooter over a test track. However, widespread adoption of wrist guards for scootering is not recommended until results are confirmed on a more challenging track.
There was no significant difference overall in the maximum torque exerted by subjects in the bicycle and micro scooter handlebar static tests performed with or without wrist guards. The difference between the results of static and dynamic bicycle steering tests suggest that the static test may not give a reliable indication of real life bicycle steering performance, perhaps because of the complications of having the brakes on the bike handlebars.
LIMITATIONS OF THE STUDY
The figure 8 track may not have been sufficiently challenging to test steering ability in micro scooter riding. Also, the riding speed was not controlled in the steering tests. Some subjects were observed to slow down considerably when riding the bicycle wearing wrist guards. Because steering accuracy is likely to depend in part on the speed of travel, the time taken to complete the test course should be measured in any subsequent study.
There were published norms for only the Jamar hand dynamometer test but the population on which they are based (US children resident in Milwaukee) was very different from our sample, which was 50% Asian background. The small sample size used in this study did not facilitate analysis of interaction effects between sex, age, and hand length.
FUTURE DIRECTIONS
None of the wrist guards marked as ''small'' were a good fit for children with small hands and the volar plates extended well up the palm beyond the distal palmar crease.
These design faults adversely affected the grip that smaller children had on the monkey bar rungs, although their grip was generally tenuous without the wrist guards because of the diameter of the rungs (3.8 cm). Design deficiencies in wrist guards have been noted previously. 3 21 Overseas researchers have improved the design of wrist guards for snowboarding, including the use of a new polyester elastomer, which provides better impact absorption and is more flexible, allowing the user to retain the maximum mobility of the arm.
Research is required to investigate if this material and innovative design features could be combined to develop a wrist guard that is more appropriate to recreational activities that demand good grip and dexterous use of the wrist.
